Leucobacter triazinivorans sp. nov., a s-triazine herbicide prometryn-degrading bacterium isolated from sludge <55 %. The DNA G+C content of strain JW-1 T was 72.6 mol%. The major fatty acids of strain JW-1 T were iso-C 16 : 0 , anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 15 : 0 . The predominant polar lipids were diphosphatidylglycerol, phosphatidylglycerol and glycolipid. The predominant menaquinone was MK-11. The cell wall amino acids were 2,4-diaminobutyric acid, alanine, glutamic acid, glycine and threonine. Based on the molecular and chemotaxonomic data, as well as the physiological and biochemical characteristics, strain JW-1 T is considered to represent a novel species of the genus Leucobacter, for which the name Leucobacter triazinivorans is proposed. The type strain is JW-1 T (=DSM 105188 T =LMG 30083 T ).
The genus Leucobacter, belonging to the family Microbacteriaceae within the phylum Actinobacteria, was first described by Takeuchi et al. [1] with the type species Leucobacter komagatae. Typically, members of the genus Leucobacter are Gram-stain-positive, non-motile, rod-shaped cells, with anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 16 :0 as the major fatty acids. Menaquinone MK-11 is the major isoprenoid quinone, with 2,4-diaminobutyric acid (DAB) as the diagnostic diamino acid in the cell well peptidoglycan. At the time of writing, the genus comprises 20 species and 6 subspecies with validly published names (http://www.bacterio.net/leucobacter.html), including the recently described species Leucobacter ruminantium [2] . In addition, the species 'Leucobacter kyeonggiensis' [3] , 'Leucobacter margaritiformis' [4] and 'Leucobacter humi' [5] have been proposed, but these names have not yet been validly published. Species of the genus Leucobacter have been isolated from a variety of ecological environments, such as the air of a duck barn [6] , chromium-contaminated environments [7] , Korean fermented flatfish [8] , soil [9, 10] , nematodes [11] , chironomid egg mass [12] , cow dung [13] , a mixed culture from compost [14] , gut [15] , symptomatic bark [16] , saltfermented food [17] , phyllosphere [18] , rhizosphere [19] , and activated sludge and river sediments [20] .
In our efforts to screen herbicide-degrading bacteria, a prometryn-degrading bacterial strain, designated JW-1 T , was obtained. Strain JW-1 T was isolated from activated sludge collected from the outlet of an aeration tank in a prometryn manufacturing plant, located in Binzhou City, Shandong province, PR China, using enrichment culture and the dilution-plate method [21] . Strain JW-1 T could efficiently degrade prometryn, ametryn and simetryn [21] . In the present study, the exact taxonomic position of strain JW-1 T was further determined using a polyphasic taxonomic approach.
The genomic DNA of strain JW-1 T was extracted with a Rapid Bacterial Genomic DNA Isolation Kit (Sangon Biotech). The nearly full-length 16S rRNA gene of strain JW-1 T was amplified by PCR using the eubacterial universal primers, 27F and 1492R [22] . The purified PCR product was ligated into a pMD19-T vector (Takara) and sequenced by the Sanger method. 16S rRNA gene sequences of type strains and 16S rRNA gene sequence similarities were obtained from the EzBioCloud server (http://www.ezbiocloud.net/identify) [23] and BLAST program in NCBI (https://blast.ncbi.nlm.nih.gov). The 16S rRNA gene sequences of strain JW-1 T and representative members of the genus Leucobacter were aligned using CLUSTAL X2 [24] . Phylogenetic analysis, based on 16S rRNA gene sequences, was performed using MEGA 6.06 software [25] by the neighbour-joining (NJ) [26] , maximum-likelihood (ML) [27] and maximum-parsimony (MP) methods [28] with bootstrap values based on 1000 replications. For the NJ algorithm, Kimura's two-parameter model and pairwise deletion were used to reconstruct the phylogenetic tree. We used the Tamura 3-parameter model with gamma distributed rate heterogeneity and a proportion of invariant sites (T92+G+I) as the best fit evolutionary model, according to the Bayesian information criterion (BIC) calculated with MEGA6 and Nearest-Neighbour-Interchange (NNI) heuristic method for the ML algorithm. A subtree-pruning-and-regrafting (SPR) search for the MP algorithm was applied. T . Strain JW-1 T formed the most closely related cluster with 'L. kyeonggiensis' F3-P9, followed by Leucobacter celer with >70 % bootstrap support (Fig. 1) . The ML and MP trees (Figs S1 and S2, available in the online version of this article) supported the phylogeny obtained with the NJ tree.
Given that the threshold of 16S rRNA gene sequence similarity for species demarcation has been recommended as 98.7 % [29] 
T and 'L. kyeonggiensis' DSM 26691). DNA-DNA hybridization was performed with photobiotin-labelled probes in microplate wells, as described by Ezaki et al. [32] and Cleenwerck et al. [33] at LMG (Laboratorium voor Microbiologie, Gent, Belgium) with four replications. Reciprocal experiments were also performed. Mean DNA-DNA hybridization values and their standard deviations were determined. The genomic DNA G+C content of strain JW-1 T was determined by HPLC fitted with a reversedphase column as described by Mesbah et al. [34] . 26 .26±0.80 %), respectively, which were all well below the threshold value of 70 % commonly accepted for a decision on the species status of novel strains [35] , indicating that strain JW-1 T represents a separate species. The genomic DNA G+C content of strain JW-1 T was 72.6 mol%, which is slightly higher than those of type strains of species of the genus Leucobacter (62.8-72.1 mol%) with validly published names.
The Gram reaction of strain JW-1 T was determined according to the Hucker Staining method [35] . Cell morphology was observed under transmission electron microscopy (HT-7700; Hitachi) with cells grown in LB liquid medium at 28 C for 12 h. Growth was investigated on LB agar and in LB broth at different temperatures (4, 12, 15, 20, 28, 30, 37, C. Catalase activity was determined by bubble production after the application of 3 % (v/v) H 2 O 2 solution to freshly grown cells. Oxidase activity was examined using oxidase reagent (bioM erieux), according to the manufacturer's instructions. Hydrolysis of starch and casein were tested according to the methods of L anyí [36] . The other biochemical characteristics, enzyme activities, acid production from 49 carbohydrates and utilization of carbon sources were performed using API 20 NE, API ZYM, API 50CH test strips (bioM erieux) and GP2 MicroPlates (Biolog), according to the manufacturer's instructions. Bacterial cells were suspended to 20 % turbidity in GN/GP inoculating fluid (Biolog) supplemented with 1 % (w/v) NaCl; and 150 µl bacterial suspensions were inoculated in the wells of the GP2 Biolog MicroPlates. Degradation efficiencies of s-triazine herbicides by strain JW-1 T and its close relatives at 2 and 4 days were investigated in liquid culture according to the method described by Liu et al. [21] .
Differentiating characteristics of strain JW-1
T from type strains of the closest related species are shown in Table 1 . Strain JW-1 T was clearly distinguishable from its closest phylogenetic neighbours by colony pigmentation, nitrate reduction, utilization of various carbon substrates and acid production from carbon substrates. Strain JW-1 T could efficiently degrade prometryn, ametryn and simetryn. The removal rates of herbicides by JW-1 T were almost 100 %, whereas degradation by its closest phylogenetic neighbours of the herbicides tested was negligable (Fig. S3) . The physiological and biochemical characteristics of strain JW-1 T are given in detail in the species description.
For fatty acid methyl ester analysis, cell masses of JW-1 T and reference strains were harvested from the third quadrant streaks on LB plates in parallel under the same culture conditions (at 28 C for 2 days). The fatty acid methyl esters were saponified, methylated and extracted according to the standard protocol of the Sherlock Microbial Identification System (MIDI; [37] ). Fatty acids were analysed by GC (model 6890 N; Agilent) and identified by the Sherlock Microbial Identification System (MIS) Standard Software (TSBA 6 library). Analysis of fatty acids, respiratory quinones and polar lipids were carried out by the Identification Service, DSMZ (Braunschweig, Germany). For respiratory quinones and polar lipid analysis, 200 mg of lyophilized cells harvested from cells grown for 48 h at 28 C were used. Respiratory quinones were analysed by HPLC with a reversed phase column (Macherey-Nagel, RP18), as described by Tindall [38, 39] . Polar lipids were extracted, separated by two dimensional silica gel TLC followed by spraying with specific detection reagents. The cell wall peptidoglycans were extracted and purified by shaking with glass beads to disrupt cells and subsequently digested by trypsin according to the previously described method of Schleifer and Kandler [40] . The amino acid composition of the purified peptidoglycans was determined using TLC after hydrolysis with 4 M HCl at 100 C for 16 h. The molar ratios of amino acids were determined by GC and GC-MS of Nheptafluorobutyryl amino acid isobutyl esters, according to the method of Schumann [41] .
The major fatty acids of strain JW-1 T (>5 %) were iso-C 16 : 0 , anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 15 : 0 . The fatty acid profile of strain JW-1 T was similar to those of the closely related species of the genus Leucobacter ( Table 2 ). The polar lipids profile of strain JW-1 T consisted of diphosphatidylglycerol, phosphatidylglycerol, an unidentified glycolipid, two unidentified lipids and three unidentified phospholipids (Fig. S4) . Strain JW-1 T contained respiratory quinone MK-11 as a major compound and MK-10 and MK-9 as minor compounds. The hydrolysate (4 M HCl, 100 C, 16 h) of the purified peptidoglycan of strain JW-1 T contained the amino acids, DAB, alanine, glycine, threonine, and glutamic acid in a molar ratio of approximately 0.3 : 1.5 : 0.9 : 0.8 : 1.0, respectively. g-Aminobutyric acid was not detected in strain JW-1 T . Chemotaxonomic data suggest that strain JW-1 T is a T . All strains were negative for D-glucose fermentation, arginine dihydrolase, urease and the assimilation of L-arabinose, N-acetyl-glucosamine, capric acid, adipic acid, phenylacetic acid in API 20NE tests. All strains were positive for catalase activity, and negative for the hydrolysis of starch and casein. +, Positive; -, negative; W, weakly positive. Oxidase
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member of the genus Leucobacter, but is different from species of the genus Leucobacter with validly published names.
The molecular, chemotaxonomic, physiological and biochemical data obtained in this study indicate that strain JW-1 T represents a novel species of the genus Leucobacter, for which the name Leucobacter triazinivorans sp. nov. is proposed.
DESCRIPTION OF LEUCOBACTER TRIAZINIVORANS SP. NOV.
Leucobacter triazinivorans (tri.a.zi.ni.vo' rans. N.L. n. triazinum triazine, a kind of herbicide; L. part. adj. vorans devouring; N.L. part. adj. triazinivorans triazine-devouring, degrading). T [11] . Data given for fatty acids in all strains are from this study under the same conditions; other data given for cell-wall amino acids, polar lipids, respiratory quinone and DNA G+C content in columns 2-6 were obtained from the corresponding references. Values given for fatty acids are percentages of the total fatty acids. Fatty acids that accounted for less than 0.5 % of the total fatty acids in all strains have been omitted. TR, Trace amounts (<0.5 %); -, not detected. Values given for cell-wall amino acids are molar ratios; '+' or '-' For cell-wall amino acids only indicate the presence or absence of amino acids. PG, Phosphatidylglycerol; DPG, diphosphatidylglycerol; GL, unidentified glycolipid; PL, unidentified phospholipids; L, unidentified lipids; ND, no data. 
